Abstract: One-dimensional (1D) nanostructures have drawn continuous research attention because of their unique electrical, optical, and magnetic properties different from that of bulk and nanoparticles, as well as their potential applications in mesoscopic research and nanodevices. The main challenge in this area is how to precisely control the sizes, dimensionalities, compositions, and crystal structures in nanoscale, which may serve as a powerful tool for the tailoring of physical/chemical properties of materials in a controllable way. Here, we review the advances in the solution-based routes to prepare 1D nanostructures. Particularly, three systems of MnO 2 , rare-earth compounds, and silicates have been chosen to show the synthetic strategy under hydrothermal conditions. As the main theme, a rolling mechanism has been given special attention to present a relative general understanding of the growth of various transition-metal oxide (TMO) 1D nanostructures under solution conditions.
INTRODUCTION
In 1959, Richard Feynman described the problems of manipulating and controlling things on a small scale and predicted that there is plenty of room at the bottom [1], which, as the central idea of nanoscience and nanotechnology, has long been the pursuit of scientists worldwide. In the past decades, the development of various chemical or physical methods have enabled us to partly fulfill this goal [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] , based on which many new and promising fields have been established, including nanofabrication, nanodevices, nanobiology, and nanocatalysis, etc. Among all kinds of nanosystems such as zero- [2] , one- [3] [4] , and two-dimensional [5] systems, one-dimensional (1D) nanostructures are particularly interesting in that they usually have diameters in nanometer scale and lengths in micro-and/or even macroscale, the controlled growth of which involves the breaking of crystal symmetry and are quite different from the general concept of crystal growth [6] . So if we can gain the general principle in controlled growth of 1D nanostructures, that is, why the atoms can self-assemble in such a way and what are the driving force in this process, it is most probable that we will make great progress toward manipulating and controlling atoms at the nanoscale and thus drive more opportunities to this fast-expanding research field.
Besides physical methods such as physical vapor deposition and scanning tunneling microscopy (STM) manipulation, etc., chemical methods that usually start from atomic-level precursors and result in new compounds with the formation of new chemical bonding, play important roles in controlled syn-sumption was experimentally testified in the preparation of WS 2 nanotubes via artificial organic-inorganic lamellar structures as intermediates [18] , and further evidenced in the controlled decomposition of layered ME.0.5en (M = Cd, Zn, E = S, Se) into ME nanorods [32] .
Since layer structures are quite common in TMOs, such as δ-MnO 2 , titanate, K 4 Nb 6 O 17 , silicates, MoO 3 , V 2 O 5 , and various hydroxides, etc., it is possible to prepare new-type 1D nanostructures from these two-dimensional (2D) layered structures, and most importantly, phase transformation from layer to other nonlayer structures may occur under controlled experimental conditions, so that 1D nanostructures of other three-dimensional (3D) structured compounds might be obtained via 2D structures as intermediates.
In this manuscript, three systems of MnO 2 [33] [34] [35] [36] , rare-earth compounds [37] [38] [39] [40] [41] , and silicates [42] [43] have been reviewed to show the whole picture of from layer-structured compounds to 1D nanostructures of TMO under hydrothermal conditions.
MANGANESE DIOXIDE NANOWIRES AND NANOTUBES
Manganese dioxides and derivative compounds have received intense attention, because of their outstanding structural flexibility combined with novel chemical and physical properties, which are of interest for the following applications, for example, molecular sieves, catalysts, and Li/MnO 2 batteries [44] [45] [46] [47] [48] [49] [50] . Different structural forms of MnO 2 exist in nature, such as the α, β, γ, and δ-types. Different forms of MnO 2 are exactly based on the same structural units [MnO 6 ] octahedral. α-, β-, γ-MnO 2 have [MnO 6 ] chains in their structures, and are typical of 1 × 1, 2 × 2, 1 × 2 1D channels, respectively, while δ-type is well known for its layer structure, which is composed of edge-sharing [MnO 6 ] octahedral [44] .
Among the several crystallographic forms of MnO 2 , δ-MnO 2 alone has a layer structure, which is indispensable in the rolling mechanism. So studies have been focused on the roles δ-MnO 2 playing in the formation of the other structural MnO 2 1D nanostructures.
On the basis of the redox reactions of MnO 4 -and/or Mn 2+ , a rational low-temperature hydrothermal chemical synthetic way has been developed to selectively prepare MnO 2 nanowires/nanotubes with different crystal structures, including α-, β-, γ-, and δ-MnO 2 [35] . The structural stability of different structures has been fully discussed, and the transformation between different crystal structures has been established ( Fig. 1) based on experiment results. The layer-structured δ-MnO 2 is especially found to be the intermediate for the formation of MnO 2 1D nanostructures, based on which a rolling mechanism from layer-structured δ-MnO 2 to MnO 2 nanowires/nanotubes with different structures has been introduced to explain the growth of MnO 2 nanowires/nanotubes under hydrothermal conditions. By properly designing redox reactions in Mn-related chemical species, the chemistry in the MnO 2 -related system has been successfully applied in the precisely controlled synthesis of MnO 2 low-dimensional nanostructures.
As shown in Fig. 2 (Fig. 2B) , however, if the direct reaction occurs at 90 °C, 1 atm, γ-MnO 2 nanorods will be obtained. The phase will change to α-MnO 2 ( Fig. 2A) when a certain amount of (NH 4 ) 2 SO 4 is introduced to the reaction system. In this process, it is apparent that the 2 × 2 tunnel structures need more NH 4 + ions to stabilize than 1 × 1 tunnels. KMnO 4 has also been used as oxidizing reagents of MnSO 4 . The molar ratios of KMnO 4 and MnSO 4 were varied in order to prepare MnO 2 nanorods with different crystallographic forms. δ-MnO 2 nanorods have been obtained when pure KMnO 4 or a high mole ratio (around 6:1) KMnO 4 /MnSO 4 mixture is hydrothermal treated at 140 °C. When the mole ratio of KMnO 4 /MnSO 4 is controlled at about 2:1, the products are examined to be α-MnO 2 nanorods. When the mole ratio is adjusted to around 2:3, the reaction will result in β-MnO 2 nanorods. It is believed that K + cation concentration in different reaction systems is responsible for the formation of different crystal structures of MnO 2 [35] . Although the Mn sources are different, all the MnO 2 nanowires have undergone a similar growing process. As shown in Figs. 3A and 4B, the X-ray diffraction (XRD) patterns of α-MnO 2 in a (NH 4 ) 2 S 2 O 8 -MnSO 4 reaction system, taken after 30 min hydrothermal treatment, can be readily indexed to that of δ-MnO 2 and all the samples show lamellar structure morphologies. When the reaction time is prolonged, lots of nanotubes have been observed existing in the intermediate (Fig. 3D) . However, after a further prolonged reaction time (1.5 h), the nanotubes will disappear, only nanowires can be obtained, and the XRD patterns ( [35] .
Based on the above experiment results, all the MnO 2 1D nanostructures have undergone a common developing process, which is characteristic of the rolling mechanism and phase transformation.
This rolling strategy has been further evidenced in the controlled synthesis of δ-MnO 2 nanotubes via α-NaMnO 2 as precursors [36] . Based on the MnO 2 nanowires/nanorods studies, the [MnO 6 ] octahedral layers in δ-MnO 2 could be easily exfoliated and tend to curl under hydrothermal conditions, which have provided the possibility for the formation of δ-MnO 2 nanotubes [10] . Rational precursors and favorable conditions may facilitate this formation process. Among the numerous manganese oxides, α-NaMnO 2 (sodium manganese oxide) is layered and adopts a monoclinic distortion of the LiCoO 2 structure caused by the Jahn-Teller activity of Mn 3+ . Na + ions reside between edge-shared [MnO 6 ] octahedra layers in NaMnO 2 ( Fig. 1) [11] [12] . The strong static interaction between the Na + ions and [MnO 6 ] units hold the layers together tightly and make it impossible for these layers to roll up into nanotubes. However, the layer-structured α-NaMnO 2 has proven to be an ideal precursor for the formation of δ-MnO 2 nanotubes.
Under a neutral pH condition, Mn 3+ is unstable and disproportionation reaction will occur, Mn 3+ → Mn 2+ + MnO 2 (E°= +0.56 V; ∆G°= -54.04 kJ mol -1 )
The synthesis of MnO 2 nanowires/rods and nanotubes, together with other non-oxide compounds such as Bi nanotubes, show that the rolling mechanism may be a general method for the synthesis of nanowires/nanotubes from natural lamellar structures under aqueous conditions.
As an example, the successful synthesis of MnO 2 nanowires/rods and nanotubes also show that it is convenient to control the crystal structure or oxidation state of the final products by properly selecting the reducing or oxidizing reagents and the reaction conditions, which may be the major advantages of the solution-based method.
RARE-EARTH COMPOUND NANOWIRES, NANOTUBES, AND FULLERENE-LIKE NANOPARTICLES
Apart from the MnO 2 species, there exist no layer-structured compounds that may serve as intermediates for the formation of rare-earth 1D nanostructures. The synthesis of lanthanide hydroxide nanowires was inspired from their crystal structures [37] . As far as the obtained Ln(OH) 3 nanowires are concerned, they all have a hexagonal crystal structure, just like that of ZnO, which is well known for its anisotropic growth nature. However, when investigating the formation process of these nanowires, especially the influences of pH on the morphology evolution of the nanostructures, some sheet structures are obtained, which show that the hexagonal-structured hydroxides can grow in a 2D mode under desired conditions. So the question is: whether or not these nontypical 2D compounds can be prepared as nanotubes that are usually prepared from 2D layer structures [38] . This assumption was confirmed by the formation of hydroxide nanotubes [39] under a lower-temperature condition than that of nanowires (Fig. 6 ).
The synthesis of Ln(OH) 3 nanowires (Fig. 7) was based on the preparation of colloidal Ln(OH) 3 at room temperature, and the subsequent hydrothermal treatment at 180°C for about 12 h, while the preparation of hydroxide nanotubes (Fig. 8) was carried out at lower-temperature conditions of from 120-140°C. The similar experiment conditions provide an ideal system for the investigation of the formation of nanowires or nanotubes.
It is interesting to find that, under controlled experimental conditions, the different lighter Ln(OH) 3 (La(OH) 3 , Pr(OH) 3 , Nd(OH) 3 , Sm(OH) 3 , Eu(OH) 3 , and Gd(OH) 3 nanowires could be prepared as high-aspect-ratio products with similar outlook, while, under the same conditions, heavier lanthanide hydroxide-Dy(OH) 3 , Tb(OH) 3 , Ho(OH) 3 , Tm(OH) 3 , and YbOOH-usually have lower aspect ratios or less uniform morphologies. And for the hydroxide nanotubes, light lanthanide compounds usually have smaller diameters, while the heavy lanthanide hydroxides can be prepared as nanotubes with larger diameters. With the decreasing of the ion radii (from La to Lu), under the adopted experimental conditions, the crystal structure of lanthanide hydroxides gradually changes from a typical hexagonal phase [La(OH) 3 ] to a monoclinic one [Lu(OH) 3 ], which results in the formation of monoclinic YbOOH instead of hexagonal Yb(OH) 3 in high-temperature experimental conditions (nanowire synthesis, 180°C); along with this change, the tendency to grow along certain direction has been weakened to some extent, so the heavier lanthanide hydroxide nanowires usually have lower aspect ratios and less uniform morphologies. The diameters of the hydroxide nanotubes might be determined by the rigidity of the corresponding layers of different hydroxides.
Further investigation can be carried out on the growth dynamics of Ln(OH) 3 nanowires/nanotubes, which may serve as a perfect model to study the crystallization in nanoscale since they have similar and gradually changing crystal structures.
Similar precipitation-hydrothermal methods have been applied in the synthesis of rare-earth fluoride inorganic fullerene (IF) nanoparticles (Fig. 9 ) [38] [39] [40] . In a typical synthesis, the fluoride colloidal nanoparticles were hydrothermally treated at a temperature range of 80-180 °C. The formation of IF nanoparticles seems to be related to the hexagonal structures, since IF nanoparticles were only found in the samples of lanthanide fluorides that possessed hexagonal crystal structures: LaF 3 , PrF 3 , NdF 3 , and SmF 3 . In the orthorhombic YF 3 , fewer IF nanoparticles were observed. The size of these IF nanoparticles is flexible to some extent; temperature and molar ratio have been found to be responsible for the size and shape control of these nanostructures.
Compared with the reported IF/nanotube nanostructures, rare-earth fluorides and hydroxides have no typical layer structures. However, it seems that the closed-cage structures are also thermodynamically stable for these fluorides and hydroxides. Based on experimental results, we believe that the rareearth fluorides and hydroxides may not be regarded as typical 3D compounds, and may be the structural intermediates between 3D and 2D structures [38] [39] [40] . Similar phenomena have been observed and confirmed by Tenne and Rao et al. in the subsequent synthesis of non-layer HfS hollow nanoparticles [51] . However, a clear explanation of the structural rational of these IF nanostructures may need a thorough theoretical and structural investigation. Stemming from an aqueous solution, these hydroxide nanotubes/nanowires are sure to have unique hydrophilic properties, and may serve as effective confined templates for 1D nanostructures (Fig. 10) . The morphologies of these tubular or nanowire structures can be maintained even after thermal treatment at 700 °C; however, a dehydration process will occur and result in the formation of oxide nanotubes/nanowires. Another treatment mode will lead to the formation of oxysulfide nanotubes/nanowires if the hydroxide ones were mixed with sulfur to form a homogenous mixture, and then treated at a temperature ~700°C under the protection of Ar (or N 2 ) atmosphere. Also, F-substituted hydroxide nanotubes can be prepared. Our experiments have shown that, based on a simple hydrothermal method and with hydroxides as possible precursors, different kinds of rare-earth compound nanotubes could be easily obtained, and the great flexibility of rare-earth chemistry has been utilized in generating various rare-earth compound nanomaterials.
Based on the hydrophilic properties of the rare-earth nanotubes/nanowires, we have developed a general method for their further functionalization in aqueous solution. For example, the hydrophilic outer surface of these nanotubes could be modified with metal nanoparticles: by immersing Y(OH) 3 nanotubes into aqueous hydrazine solution, then into Ag + (or Au 3+ , etc.) solutions, these nanotubes could be coated with Ag (or Au, etc.) nanoparticles (Fig. 8) . Another facile functionalization process has been demonstrated by simply immersing the Y(OH) 3 nanotubes into 0.04 mol/l Eu 3+ , or Yb 3+ /Er 3+ (Er:Yb = 1:6) aqueous solutions, and the subsequent sulfuration process leads to the formation of doped oxysulfide nanotubes.
This chemical modified method has been further proved to be a facile functionalization method by the up-and down-conversion luminescence experimental results.
The hydrophilic properties of the rare-earth nanotubes/nanowires have also enabled the possibilities of preparation of inorganic-organic rare-earth nanostructures (Fig. 11) [52] . Generally, functional molecules with ester groups can be used in this process. Methyl methacrylate (MMA) has been chosen as an example. The covalent functionalization involves the irreversible esterolysis of a bifunctional molecule, MMA, and the formation of Y(III)-O bonds on the hydrophilic surface of Y(OH) 3 nanotubes (YNTs) in water. This leads to amphipathic composite nanotube synthesis by attachment of carbon-carbon double-bond chains to YNTs without disrupting the original structure (Fig. 11) . Both the forming of the YNTs and C=C attachment were achieved in a single step.
In this section, by effectively tuning the chemical potentials in the aqueous system, a new chemical synthetic strategy has been established to synthesize series of rare-earth nanowires, nanotubes, and IF-like new-type nanostructures, which greatly enriched the categories of low-dimensional nanostructures. Different chemical reactions, such as dehydrate, sulfuration, etc., have been applied to generate various rare-earth compound nanostructures, during which the great flexibility of rare-earth chemistry has been utilized in generating various rare-earth compound nanomaterials. Based on the experiment results, the nanotubes have been obtained at a lower-temperature condition than that of the nanowires, and the structure transitions from rare-earth nanotubes to nanowires have been investigated in detail in different rare-earth systems. A similar rolling mechanism to that of the MnO 2 system has been established to guide the growth of these rare-earth low-dimensional nanostructures, which shows the generality of this mechanism. Based on the successful synthesis of these nanostructures, some preliminary optical properties have been investigated. Owing to the interesting combination of novel nanostructures and functional compounds [53] [54] [55] , these rare-earth low-dimensional nanostructures can be expected to bring some new opportunities in vast research areas and application in biology, catalysts, and optoelectronic devices.
SILICATE NANOTUBES AND NANOWIRES
This proposed rolling mechanism has also been evidenced in the silicate series [42] [43] . A water-ethanol mixed-solution hydrothermal route has been developed to prepare a series of silicate nanowires and nanotubes, based on the chains and layer structures of silicates, respectively. The silicates are the largest, most interesting, and most complicated class of minerals by far. Approximately 30 % of all minerals are silicates, and 90 % of the Earth's crust is made up of silicates. The basic unit of silicates is the (SiO 4 ) tetrahedron-shaped anionic group with a -4 charge, which can be linked to each other in different modes and form as single units, double units, chains, sheets, rings, and framework structures. In the layer-structured subclass, hexagon rings of tetrahedrons are linked by shared oxygens to other rings in a 2D plane (Fig. 12) [56] . The silicon-to-oxygen ratio is generally 1:2.5 (or 2:5) because only one oxygen is exclusively bonded to the silicon and the other three are half-shared (1.5) with others. Linus Pauling pioneered the study of the crystal structure of layered silicates, including micas and chlorite, and predicted that if the two crystal faces of a constituent layer of a layer crystal are not equivalent, there would be a tendency for the layer to curve, one face becoming concave and one convex, and this tendency would in general not be overcome by the relatively weak force operative between adjacent layers [57] .
Based on our experiment results [42] , the as-obtained silicate nanotubes usually have clay-type structures (similar to that of kaolenite), which are composed of asymmetric alternating sheets of silica tetrahedron and metal oxide octahedron. So it is believed that the growth of these silicate nanotubes is based on the asymmetry along the c-axis of the layered metal silicates (Fig. 13) .
The synthesis of silicate nanotubes was based on a hydrothermal method in a mixed-solution system. Although the silicates may have layer structures in nature, the direct reaction of metal ions and Na 2 SiO 3 in water only results in irregular particles. As mentioned in the preparation of MnO 2 nanotubes, the formation of nanotubes may need some desirable conditions to facilitate the exfoliation process of the layers. Our experiments show that a water-ethanol mixed solution is the optimal condition. As shown in Fig. 14, all kinds of silicates can be prepared as uniform nanotube morphologies with open ends, which enable them with possible applications in gas absorption/separation and catalysis fields. For different interlayer cations, the silicate nanotubes have different diameters possibly due to the difference in interaction between layers and the subsequent difference in the rigidity of the silicate sheets, for example, copper silicate nanotubes have diameters 8~10 nm and lengths up to hundreds of nanometers (Fig. 14A) , while that of magnesium (Fig. 14B) , calcium (Fig. 14D) , and cadmium ( Fig. 14E) silicates have diameters 15~20 nm and length up to 1 µm. Due to the excellent ion-exchange characteristics of layered silicates, cations residing between the layers can be further replaced, which make these nanotubes ideal candidates as molecular seives.
The as-obtained nanotubes have tunable nanometer-scale pore sizes, narrow size distributions, and large Brunauer-Emmett-Teller (BET) surface areas, and have shown excellent catalytic oxidation performance at low-temperature range and a hydrogen storage capacity of up to 1.8 % at room temperature [42] . Compared with the well-known mesoporous materials, the as-obtained nanotubes have shown better thermal/hydrothermal stabilities, and, compared with the zeolites, these nanotubes have larger pores, which can satisfy the requirement in catalytic synthesis of macromolecules [58] [59] [60] [61] [62] [63] [64] [65] .
Silicates have silicate-oxygen tetrahedral as their basic structural units, and different link modes will lead to the formation of different structures of silicates. Other distinctive structures are the chainlike silicates with a Si:O = 1:3 when tetrahedral are connected to each other in a linear way, which may be favorable for the anisotropic growth. It is believed that the formation of these nanowires is closely related to this particular link mode [43, 65] . Silicate compounds are usually characteristic of affluent crystal structure and compositions. So it still remains a challenge to exactly control the growth behavior and morphology of the silicates. Nevertheless, this water-ethanol mixed-solution synthetic route has shown some potential in designed synthesis. Undoubtedly, the crystal structures of the final products are important factors that should merit particular attention, and in the case of silicate nanotubes, the underlying principle is the rolling mechanism from layer structures to nanotubes.
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SUMMARY AND PERSPECTIVE
In this dissertation, three systems of MnO 2 , rare-earth compounds, and silicates have been chosen to illustrate the methodology in controlled synthesis of 1D TMO nanostructures under aqueous synthetic conditions. Various chemical reactions such as redox, precipitation, complexation reaction, etc., have been widely employed in the investigation of the controlled growth of TMO 1D nanostructures, and shown amazing abilities in yielding new nanostructures with designed compositions, dimensionalities, and crystal structures. As the main task of chemistry, the creation of new molecular and new materials will bring us many more opportunities than ever, and will always be the central topic of science.
There is a bright future for the controlled synthesis of nanostructures and nanomaterials. Specifically, the advances in the controlled synthesis of nanostructures are just a beginning. The underlying principle in shape and size control are far from satisfactory, which have proved important factors that will determined the properties of materials by more and more studies. Further investigation can focus on the establishment of general synthetic methodology [66] , which may be central to making progress toward designed synthesis according to demands.
